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PART II: PUMPING SYSTEMS

Pumping Situations 
Whether it handles sewage or effluent, a pumping station consists of two parts: a
dosing chamber and a pump. Never install a pump directly in the septic tank to
pump to soil treatment units. The sewage solids will plug either the pump or the
soil, causing the either the pump or the soil treatment unit to fail. Install a
compartment in the septic tank for the pump or use a separate watertight tank
beyond the septic tank to separate solids in the septic tank.   Effluent pumps are
designed to handle only sewage effluent, which is a relatively clear liquid.

Figure E-1 shows two different pumping situations. The first is a pump located in
a separate tank beyond the septic tank. This arrangement is often used in a
repair situation where there is an existing septic tank. All sewage wastes are
delivered by pump to the drainfield trench system. In the event of pump failure,
water use would need to be restricted until the pump can be repaired or replaced. 

                   
Figure E-1

The cover of the pumping tank, the cover of the septic tank and all cleaning
access extensions must be made absolutely watertight to prevent any
groundwater from infiltrating the system. Pipe connections to the tanks also must
be sealed to be absolutely watertight. 



The second situation is a pump located in the basement that delivers laundry tub
wastes to the house sewer, from which point the wastes flow by gravity into the
septic tank and onto the drainfield trench system. If there is a basement toilet, a
sewage ejector or solids handling pump should be used. If sewage solids are
pumped, a compartmented tank or two tanks in series should be installed to
provide for adequate solids separation. Even though only a portion of the sewage
wastes are pumped, there will still be considerable turbulence in the first septic
tank when the pump operates. In the event of pump failure, only the basement
plumbing could not be used. 

The second example also shows that the septic tank is shallow and readily
available for cleaning. A tank with a short cleaning access is much easier to
clean than a tank with a long cleaning access, such as the one in the first
situation. A shallow septic tank is also much less susceptible to groundwater
infiltration. It is often less expensive to install a new septic tank at a higher
elevation and raise the house sewer line than it is to repair a deep septic tank.

Pumping Effluent
Figure E-2 shows a typical pumping situation where the sewage source is at an
elevation lower than where the soil is suitable for sewage treatment. A logical
question is why the house was not located at an elevation high enough so that
sewage could flow by gravity into the soil treatment unit.

Figure E-2



In some instances, the property owner may want the house at a certain elevation.
In other instances, proper planning was not done with respect to the relative
location of the house and the sewage treatment system. In the past, many
people have incorrectly thought that low areas were suitable for sewage
treatment, even though they were too wet for any other purpose. 

Note that the pump delivers effluent to a series of trenches using drop box
distribution. Figure E-3 shows the first drop box in this system, which accepts the
effluent from the pumping station. The bottom of the discharge piping from the
pump must be at least two inches higher than the supply line to the next drop
box, to avoid any liquid drainback to the pumping station, other than that
contained in the pipe from the pump. 

               
Figure E-3

The discharge line from the pump must be directed to flow against a wall of the
drop box where there is no outlet. This placement is necessary to assure that the
effluent does not all flow out a single pipe but is instead first distributed to the
initial trench, with the remainder then flowing through the supply line to the next
drop box

Pumping Raw Sewage 
Occasionally it is necessary to pump raw sewage. For example, if a septic tank
located next to the source of sewage would be inaccessible for maintenance,
which requires the removal of accumulated scum and sludge, it may be more



appropriate to pump all sewage solids to a septic tank system in a more
accessible location. 

Pumps for Raw Sewage
Whenever sewage solids are pumped, a sewage ejector or solids-handling pump
must be used. The diameter of the discharge piping must be of the same
diameter as the discharge size of the pump. The sewage must flow through the
pipe at a velocity of at least two feet per second to transport the solids.  The
pump must be sized large enough to push the solids through the pipe, a velocity
of 2 feet per second is adequate.  See the following chart for minimum flows in
pipe sizes to carry the solids.

Pipe size Minimum GPM
1 ½” 12
2” 21
2 ½” 30
3” 46

  

Ejector Pumps
Solids-handling or ejector pumps are commonly installed in basements to
pump sewage solids up to a gravity sewer line. The volume of the pump tank
must be large enough to accommodate any drainback from the piping, and to
effectively dose the system. Whenever such a pump is used to deliver toilet
waste to a septic tank, dose volume must be limited to minimize the impact on
the tank. 

Grinder Pumps
Grinder pumps can are designed for raw sewage. A rotating blade shears or
grinds sewage into smaller particles before pumping it. Grinder pumps have a
high starting torque and must use a particular type of starting mechanism on the
electric motor. In addition, grinder pumps require relatively high maintenance,
such as sharpening and replacing bearings. Since all sewage must pass through
the grinding mechanism, a grinder pump may experience blockage as the
grinding mechanism becomes dull.

Dosing Tank Specifications 
The dosing tank is placed between the sewage tank and the lateral system to
accumulate effluent. A pump is turned on when the designed dose amount of
effluent has collected in the dosing tank, and shuts off when the dose has been
delivered.  Float switches suspended in the tank usually control the pump. A third
switch is used to trigger an alarm when the effluent collected in the dosing tank



reaches the emergency level. Proper dosing tank construction, placement and
sizing must be considered to ensure reliable system operation. 

The dosing tank construction requirements are the same as for sewage tanks.
The tank must be durable and watertight and must withstand the soil loads,
which push in on the walls. The environment in the tanks is corrosive, so no
metal parts or fittings can be used. The major difference between a septic tank
and a dosing tank is that the dosing tank will be emptied on a daily basis. Since
the tank will be emptied every day, anchoring it against flotation is critical
in areas with a high seasonal or permanent water table.

Figure E-16: Dosing Tank Recommendations
 Pump tanks must meet or exceed the requirements for sewage tanks

see Chapter 69 and be vented.
 At least one maintenance hole, 20 inches in least dimension, must be

located directly above the pump, and must extend through the cover to
final grade, and be constructed to prevent unauthorized entry.

 The tank must have either an alternating two-pump system or a
minimum capacity of 500 gallons or 100% of the average design flow,
whichever is greater.

 The pump must have an alarm to warn of failure.
 Pump intakes must be at least four inches from the bottom of the dosing

chamber or protected in some other manner to prevent the pump from
drawing excessive settled solids.

 There must be access to the pump, pump controls, and pump discharge
line without entering the tank.

 Electrical installations must comply with all laws and ordinances,
including the latest codes, rules, and regulations of public authorities
having jurisdiction, and with the National Electrical Code.

Ensuring that the dosing tank is watertight is also critical. In areas with a high
seasonal or permanent water table, groundwater may leak into the dosing tank
and overload the system. The seals around the pipes that enter and exit the
dosing tank are especially vulnerable to leaks. If the pump is running more than
the few minutes a day it takes to pump out the accumulated septic tank effluent,
groundwater may be leaking into the septic tank or dosing tank. 

Dosing tanks can be round or rectangular. A four-inch to eight-inch concrete
block makes a good pedestal for the pump. 

Never enter a dosing tank. Any work to replace pumps, switches or connections
should be performed from the outside, and the pump, pump controls, and pump
discharge line must be removable from the surface.  The sewage gases
produced in the tank can kill a person in a matter of minutes. When working on a
tank, make sure the area is well ventilated and someone is standing by. Never go
into a dosing tank t without a self-contained breathing apparatus to retrieve



someone who has accidentally fallen in. While waiting for help, the best thing to
do is to put a fan at the top of the tank to blow in fresh air. (See Section C:
Sewage Tanks for a discussion of safety precautions and practices for working
with sewage tanks.) 

A complete pumping station with a tank, pump and controls is shown in Figures
E-4 and E-5. 

                      
Figure E-4



             
Figure E-5

Cleaning Access Dimensions
The cleaning access’s smallest dimension must be at least 20 inches, and
preferably 24 inches, for easy access. The cleaning access extension should be
24 inches in diameter. A precast septic tank is often selected for use as the
pumping tank. The inlet to this tank can be higher than the normal septic tank
inlet, thus providing for additional reserve capacity in the event of pump failure.

Buoyancy
If the pumping tank is installed where the water table is high, consider the
problem of tank buoyancy. Be sure the weight of the tank will be adequate to
prevent flotation when the tank is nearly empty (which it will be much of the time).
Otherwise, anchors may be needed to prevent tank flotation. 

Flotation usually is not a problem with a concrete tank but may be with a tank
constructed of fiberglass or polyethylene. Such tanks are very likely to need
anchoring according to manufacturer’s specifications if they are used as a
pumping tank in a site with a high water table. 

A compartmented tank can help to reduce the buoyancy problem. When a
compartmented tank is used, the strength of the inside wall is critical. Since the
constant water pressure will be on one side of the wall, the design should be
reviewed to avoid failure.



Control Switches for Pumps
Control switches sense the water level in the dosing tank and signal the pump or
alarm system. A failure of the control switches can cause sewage to back up into
the home or come out the top of the dosing tank. Some switches handle power to
the pump directly, while others require a relay. Figure E-6 shows three types of
pump controls.

Figure E-6

Mercury switches encased in a plastic or neoprene float are recommended.
They are simple and reliable. One switch turns the pump on and a second switch
is placed below it to turn the pump off. A third switch is used to activate an alarm
if the effluent level exceeds two days storage. The alarm system must be
powered in such a way that if the pump circuit fails, the alarm will still operate.
Provide a means to turn off the alarm without losing power to the pump. 

The distance needed between the on and off switches for a given dose volume
depends on the size and shape of the dose tank. 

Converting Dose Volume to Distance Between
Floats
Cylindrical Tanks
The gallons per inch in a cylindrical tank  can be determined by:



3.14 x (diameter)2 ÷ 4 x 7.5 ÷ 12 
If a circular tank of four feet in diameter is used as the pumping tank, the
calculation is:   3.14 x 42 ÷ 4 x 7.5 ÷ 12 = 7.85 gallons per inch

If 150 gallons are to be pumped, float separation is calculated as:
150 ÷ 7.85 = 19 inches

The start control must be set 19 inches higher than the stop control in order to
pump out 150 gallons per pump cycle.

Rectangular Tanks
The gallons per inch of depth in a rectangular tank can be determined by:

width x length x 7.5 ÷ 12 

If a rectangular pumping tank has inside dimensions of four feet by five feet, the
volume per depth is:

5 x 4 x 7.5 ÷ 12 = 12.5 gallons per inch

To pump 150 gallons, calculate: 
150 ÷ 12.5 = 12  inches

The pump start level should be set one foot above the pump stop level.

Drainback
In most domestic applications, the pipe from the pumping station is buried only
deep enough to prevent physical damage. It is sloped to drain back to the tank or
the distribution system after each pump operation.

Sizing of the pump tank is very important.
For example: a 1.5-foot diameter tank contains 1.08 gallons per inch of depth.
Thus, in a ten-inch depth, the volume is 10 x 1.08 = 10.8 gallons, less the actual
volume of the pump, which is 2.8 gallons. Eight gallons of wastewater will be
pumped out with each pump cycle.  And if the pipe is allowed to drain back into
the tank when the pump is shut off the actual volume of water that reaches the
disposal system is less the pipe volume. 

A pumping tank of this size should not be installed in a situation where any
drainback occurs. For example, if 50 feet of 2-inch force main are used to the
distribution the drain back would be 50 x 0.174 = 8.7 gallons.  This amount of
water would signal the pump to start again the pump would continue to recycle
continuously until it eventually burned out. 



Shutoff Level
The shutoff level should be above the body of the pump case, to allow the pump
to run while completely submerged for more effective cooling than if the pump
body were exposed to air. This placement is particularly important in a pumping
tank with a large surface area. Also, there may be a small amount of scum on the
surface that would tend to stick to the body of the pump if it were periodically
exposed. 

Care should be taken that the float switch cannot come to rest on top of the
pump, thus preventing the pump from shutting off. In such a situation, the pump
would continue to run and be damaged from operating dry

Alarm Float
An alarm float should be located on an electrical circuit separate from the pump
to alert the homeowner in case of electrical failure in the pump circuit. The alarm
float should be set to activate approximately three inches higher than the pump
start level. The alarm mechanism should be both visible and audible, and located
where it can be easily seen and heard. 

The reserve capacity of the tank is the remaining volume after the alarm sounds. 

Electromechanical Devices
There should be no electromechanical devices or connections located in the
pumping tank or in the dosing chamber cleaning access because of the risk of
corrosion at the connections. The electrical plug-ins should be located in a
weatherproof enclosure near the pumping tank or located in a nearby building. 

It’s a good idea to attach the control wires to a separate pipe or to a plastic rope
or chain with an anchor, so that the control wires can be removed without
removing the pump. If the pump has failed, it can be removed without disturbing
the control wires. 

Provide an outlet for the wires through the side of the cleaning access. Consider
installing a section of six-inch plastic pipe with a cap alongside the cleaning
access to contain the pumping station wires.

All electrical installations must comply with the National Electric Code.

Wiring Pumping Systems
All wastewater distribution systems that utilize a pump require electrical power
and control systems. Proper wiring materials and installation procedures are
critical to the safety of the installer, the sewage system users, and all individuals
involved in future repairs and maintenance. Adequate wiring ensures reliable
pump and system performance. Follow a few basic guidelines to ensure safe and



reliable operation at a reasonable cost. In all cases, installation procedures must
follow the specifications of the U.S. National Electric Code (NEC). Contact local
electrical inspection authorities for permits and inspection requirements. A
qualified electrical installer should do the work. 

Make no electrical connections inside the dosing tank. This includes plug-ins,
screw-type, twisted wire, boxes, relays, or any other type of connection that
requires movement to connect or operate. If connections or splices must be
made, they should be located in a watertight, corrosion-resistant junction box
with watertight, corrosion-resistant fittings and a cover sealed by a gasket. 

Materials for Outdoor Wiring
Electrically, there is no difference between wiring inside or outside a building.
However, the materials and installation procedures are considerably different.
Outdoor wiring must be able to withstand exposure to water, weather, and
corrosive environments. This is certainly the case for wiring septic system dosing
chambers. 

Boxes and Panels
Outdoor equipment used in residential wiring must be weatherproof. The two
most common types of weatherproof equipment are driptight and watertight, such
as NEMA 2,3, or3R.  Driptight equipment seals against water falling vertically.
Driptight boxes are usually made of painted sheet metal and have shrouds or
shields that deflect rain falling from above.  These boxes are not waterproof and
should not be used where water can spray or splash on the unit. Driptight boxes
are usually used for control or circuit breaker panels. 

Watertight boxes seal against water coming from any direction. Individual
junction boxes, switch boxes and receptacle boxes will usually be of the
watertight type. Watertight boxes are designed to withstand temporary immersion
or spray streams from any direction. They are commonly made of cast aluminum,
zinc-dipped iron, bronze or heavy plastic and have threaded entries for watertight
fittings and covers sealed by gaskets.

Wiring Methods
Two methods, or a combination of the two, are common in outdoor wiring. One
method is to place electrical wires inside a conduit. The other is to use cable. In
either case, protection from physical damage, water, and corrosion must be
provided.

Running wires through sealed conduit provides physical, water, and corrosion
protection. Several kinds of conduit are acceptable for outdoor use. Rigid metal
conduit made from aluminum or steel provides equivalent wire protection.
However, aluminum conduit is not recommended for installation where it is



directly in contact with soil. Rigid PVC conduit can be used above ground. High-
density polyethylene conduit is suitable for underground installation. Do not use
thinwall conduit electrical metallic tubing (EMT) for underground or outdoor
installations. 

An underground feeder cable can be buried without conduit protection, but
physical protection for underground cable is highly recommended to reduce the
risk of spading through the cable at a later time. A redwood or treated wood
board buried just above the cable is highly recommended to provide physical
protection. Do not use nonmetallic cable for underground installations. While it is
an excellent material for interior wiring, it will not withstand the moisture
conditions in the soil. 

Combining the conduit and cable wiring methods is also an option. Conduit can
be used around cable for physical protection. Conduit is particularly useful to
protect cables where they enter and exit the soil. If conduit and cable are used in
combination, appropriate connectors and bushings are needed for transitions
from one system to the other. Minimum burial requirements apply to wire in
conduit and cables. The size of the wire is determined from the electrical need
(the motor size) and the length of wire. Figure E-7 gives wire specifications for
various lengths and motor ratings.

Pump and Alarm Control Center
The cables that connect to the pump control switch, alarm switch and pump all
originate from the pump and alarm control center. The center should either be
placed inside a nearby building or inside a weatherproof box on a post near the
entrance port to the dosing tank. Never place the control system inside the
dosing tank or riser. The moisture in the dosing tank will cause the system to
corrode and fail. 

The preferred location for the control and alarm center is indoors, such as in a
basement or garage. Conventional indoor wiring material may be used. Order
pump and controls with extra-long cables. 

When a nearby building is not available, locate the control center in a
weatherproof enclosure mounted to a treated wood or steel post near the
entrance to the dosing tank. In both cases, it is important to use wire, connectors
and weatherproof enclosures appropriate for outdoor use. 

A pump motor relay with built-in motor overcurrent protection can be used. The
pump motor start and stop switches control the relay coil current. Conduit is used
for physical protection of the conductors and cables entering and leaving the box. 

A pump motor controlled by the mercury switches and relay built into a plug-in
type unit is another option. Overcurrent protection for the motor is supplied by the



ground-fault circuit interrupter (GFCI)/circuit breaker combination in a
weatherproof enclosure. National Electric Code requirements state that all
outdoor outlets of a residence must be GFCI-protected. The GFCI-protected
receptacle for the pump power and control circuit should be enclosed in a
watertight box. Another alternative is to use a receptacle with built-in GFCI
protection and a standard circuit breaker. In either configuration, the alarm
system is powered from a separate circuit breaker to prevent tripping the alarm

circuit when the pump circuit is tripped. 

Figure E-7:  Wire Lengths for Pump Motor Ratings
Motor Rating AWG Copper Wire Size

volts hp 14 12 10 8 6 4
1/3 130 210 340 540 840 1300115 1/2 100 160 250 390 620 960
1/3 550 880 1390 2190 3400 5250
1/2 400 650 1020 1610 2510 3880
3/4 300 480 760 1200 1870 2890
1 250 400 630 990 1540 2380

1-1/2 190 310 480 770 1200 1870
2 150 250 390 620 970 1530
3 120* 190 300 470 750 1190
5 0 0 180 280 450 710

7-1/2 0 0 0 200* 310 490
10 0 0 0 160* 250* 390

230

15 0 0 0 0 170* 270*
Wiring from the Pump and Alarm Controls to the
Pump and Switches
The power cable to the pump and float switch cables running from the control
center into the tank should be run in conduit (metal or PVC) where physical
protection is needed. The area around the conduit entering the tank should be
sealed to prevent surface water from entering the tank through the conduit. If the
conduit provides a continuous connection between the control center box and the

2- or 3-wire cable, maximum length in feet, service entrance to motor
*Lengths meet U.S. National Electric Code (NEC) ampacity only for individual conductor 60C

cable in free air or water, not in conduit. If cable rated other than 60C is used, lengths remain
unchanged, but minimum size acceptable for each rating must be based on the NEC table
column for that temperature cable.

Lengths without asterisks meet NEC ampacity for individual conductors and jacketed 60C cable.
Flat molded cable is considered jacketed cable.
Maximum lengths shown maintain motor voltage at 95% service entrance voltage, running at

maximum nameplate amperes. If service entrance voltage will be at least motor nameplate
voltage under normal load conditions, 50% additional length is permissible for all sizes.

Table based on copper wire. If aluminum wire is used, it must be two sizes larger. If table calls for
#12 copper, for example #10 aluminum would be required.



tank, the conduit entrance to the box should be plugged with electrical putty to
prevent the movement of moisture and corrosive gases into the control box. 

Power cables used in these installations, such as Types SE, SJ or SOW, must
be suitable for moist and corrosive environments. The power cable to the pump
must have a grounding conductor (usually a green insulated wire) to ground the
pump motor frame. Metallic conduit should not be used for equipment grounding
to or within the tank. Since the pump is considered a motor load, it must have
appropriate disconnecting means. The disconnect for units of one horsepower or
greater (circuit breaker or switch) must be clearly marked and either in sight of
the pump location or lockable. This prevents inadvertent reactivation of the circuit
during servicing of the unit. Below one hp, receptacles and plugs listed for motor
loads (hp listed) may be used. 

Power Supply to the Pump and Alarm System
Control Center
Power to the pump and alarm system control center, when located outside a
building, will most frequently be supplied by an underground branch circuit from a
nearby service entrance or sub-panel. Follow electrical code specifications for
materials and burial depths as described earlier. Avoid routing buried wiring
through existing or anticipated gardens or landscaping areas to minimize the
chances of damage due to spading. 

Power to the control center should be from a single individual branch circuit with
no other loads. The circuit breaker or fuse supplying this circuit should be clearly
marked at the service entrance location. 



Pump Selection
Factors that affect pressure and are:

 How high do you need to lift the water?
 How fast do you need to move the water?
 How much pipe and what size pipe do you plan to pump the water

through?
 What fittings do you have downstream of the pump?
 How much pressure do you want when you get to the end of the pipe?

 How high do you need to lift the water?

This is the vertical distance from the water level in the tank to the discharge
point.  This is also called the STATIC HEAD.  See Figure E-8.

Figure E-8

 How fast do you need to move the water?

Do you need to pump 10 gallons per minute (gpm), 20 gpm or 100 gpm?  Is there
a particular rate of flow needed for the application?  This is the starting place for
the flow calculations.  



When pumping raw wastewater, water with solids the pump must be sized large
enough to push the solids through the pipe, a velocity of 2 feet per second is
adequate.  See the following chart for minimum flows in pipe sizes to carry the
solids.

Pipe size Minimum GPM
1 ½” 12
2” 21
2 ½” 30
3” 46

 How much pipe and what size pipe do you plan to pump the water through?

The pipe size and flow rate affect the Headloss.  Headloss is the pressure that is
used to transport the water from one point to another.  The higher the flow rate
the higher the headloss, so the pump needs to produce more pressure the higher
the flow to maintain the same pressure at the end of the pipe.

Headloss varies with the pipe size.  The smaller the pipe the higher the headloss,
therefore the pump needs to produce more pressure in smaller pipes at the same
flow rate to provide the same pressure at the end of the pipe for the same flow
rate.

Examples:

15 gpm, 100 ft of 2” pipe  Headloss (HL) = 0.48 ft

25 gpm, 100 ft of 2” pipe                   HL  = 1.11 ft

25 gpm, 100 ft of 3” pipe                   HL  = 0.16 ft

In addition the longer the pipe the greater the Headloss.

Examples:

25 gpm, 100 ft of 2” pipe  HL = 1.11 ft

25 gpm, 350 ft of 2” pipe  HL = 3.88 ft
( this is obtained by multiplying 1.11 x 3.5 = 3.88)

These values come from Figure E-9.  There are many types of pipes and
schedules of pipe be sure to use the correct chart for the type of pipe used.



Figure E-9: Head Loss Due to Friction in Plastic Pipe (c=150)
nominal pipe diameterflow rate

(gpm) 1” 1.25” 1.5” 2” 2.5” 3” 4”
inside dia.
gals/100ft.

1.05”
4.49

1.38”
7.77

1.61”
10.58

2.067”
17.43

2.47”
24.87

3.07”
38.4

4.03”
66.1

1 0.08
2 0.25
3 0.59 0.16
4 1.01 0.27
5 1.53 0.40 0.19
6 2.14 0.56 0.27
7 2.85 0.75 0.35 0.11
8 3.65 0.96 0.45 0.13
9 4.53 1.19 0.56 0.17
10 5.51 1.45 0.69 0.20 0.09
12 7.72 2.03 0.96 0.28 0.12
14 10.27 2.70 1.28 0.38 0.16
16 13.14 3.46 1.63 0.48 0.20
18 4.30 2.03 0.60 0.25
20 5.23 2.47 0.73 0.31 0.11
25 7.90 3.73 1.11 0.47 0.16
30 11.07 5.23 1.55 0.65 0.23
35 14.73 6.96 2.06 0.87 0.30
40 8.91 2.64 1.11 0.39 0.10
45 11.07 3.28 1.38 0.48 0.13
50 13.46 3.99 1.68 0.58 0.16
55 4.76 2.00 0.70 0.19
60 5.60 2.35 0.82 0.22
65 6.48 2.73 0.95 0.25
70 7.44 3.13 1.09 0.29
80 9.52 4.01 1.39 0.37
90 11.84 4.98 1.73 0.46

100 14.38 6.06 2.11 0.56
125 9.15 3.18 0.85
150 12.83 4.46 1.19
175 17.06 5.93 1.58
200 7.59 2.02



 What fittings do you have downstream of the pump?

Generally the pump is followed by bends, valves, check valves, or a union.  Each
of these fittings causes some friction loss as the water flows through it.  There
are charts that convert the fitting type and size to an equivalent length of pipe
size.  Then this equivalent length can be added to the pipe length for determine
the headloss due to the pipe and fitings.  Figure E-10 is used to convert the
fittings.

Example:  2” plastic coupling  = 3 ft of 2” pipe
                            2” plastic 90 bend  = 9 ft of 2” pipe

Figure E-10: Equivalent Length of Pipe
Nominal size of fitting and pipe (equivalent

length in feet)
type of fitting and

application
pipe and

fitting material1 ½” ¾” 1” 1 ¼” 1 ½” 2” 2 ½”
insert coupling plastic 3’ 3’ 3’ 3’ 3’ 3’ 3’
threaded adapter copper 1’ 1’ 1’ 1’ 1’ 1’ 1’
plastic or copper to
thread plastic 3’ 3’ 3’ 3’ 3’ 3’ 3’

steel 2’ 3’ 3’ 4’ 4’ 5’ 6’
copper 2’ 3’ 3’ 4’ 4’ 5’ 6’90° standard elbow
plastic 4’ 4’ 6’ 7’ 8’ 9’ 10’
steel 1’ 2’ 2’ 3’ 3’ 4’ 5’

copper 1’ 2’ 2’ 3’ 3’ 4’ 5’standard tee,
straight flow thru run plastic 4’ 4’ 4’ 5’ 6’ 7’ 8’
gate or ball valve2 steel 2’ 3’ 4’ 5’ 6’ 7’ 8’
swing checkvalve2 steel 4’ 5’ 7’ 9’ 11’ 13’ 16’
globe valve steel 15’ 20’ 25’ 35’ 45’ 55’ 65’
30-gal vertical water
heater ---- 4’ 17’ 56’

1 Loss figures are based on equivalent lengths of indicated pipe material.
2 Loss figures are for screwed valves, and are based on equivalent lengths of steel pipe.
Table from MWPS-14 “Private Water Systems,” Midwest Plan Service, Iowa State University, Ames, Iowa.



 How much pressure do you want when you get to the end of the pipe?

This is the squirt height you want at the end of the pipe.  If you are dumping the
water into a distribution box then you a very low squirt height, less than 1 foot, if
you are using a pressure distribution system then you want at least 2-3 feet.

An example of putting a system all together Figure E-11:

Figure E-11

Flow rate required 30 gpm

Static head                             =10 ft
Squirt height                           = 3 ft

1-2”coupling    = 2x3               = 6 ft ft
2-2” bends   = 2x9                  = 18 ft
                                               = 150 ft pipe
 Total pipe equivalent length  =  174 ft. 

From Figure E-9    30 gpm in 2”pipe HL is 1.55 ft per 100 feet
Headloss due to pipe and fittings is   1.55 x 1.74 = 2.70 ft
Therefore the total head that the pump needs to produce is

Elevation difference    = 10 ft
Squirt height               = 3 ft
Pipe  losses                = 2.7 ft



Total Dynamic Head              = 15.7 ft   at   30 gpm
At different flow rates there will be different head losses.  When these are
calculated and plotted on a graph this is called a system curve.  This is the flow
vs headloss for a given pipe system.

From the example above the system curve is

At 20 gpm  14.2 ft At 30 gpm  15.7 ft

At 40 gpm  17.6 ft At 50 gpm  20 ft

At 60 gpm 22.7 ft
  
A system of pipes, fittings, static head, squirt height can ONLY operate on its
system curve.

Pump Curves:  The pump performance curve shows the pumping rate (gpm)
that a pump will produce against a particular head (pressure).  For examples
used here we are using centrifugal pumps.

You can pump hard, high head low flow, or you can pump fast, high flow and low
head.  

A pump can ONLY operate on its performance curve.  

The challenge is to match the SYSTEM CURVE up to a PUMP CURVE.  This is
called the operating point, this is where the two intersect.  See Figure E-12.

Figure E-12



The pump curve can not be below the operating point that you want the system
to operate at.  Pick a pump and pump curve that is as close to the operating point
but above the point as possible.

Plotting each of these on pump curves reveals the following in Figure E-13.  If
these were the only pumps available then a decision must be made on which
pump to use.

Pump A only produces 15 feet of at 24 gpm which is below the required.
This pump should be rejected.

Pump B will provide 17 feet at 37 gpm. This will exceed the minimum by a
small amount and will work.

Pump C will provide 25 feet at 67 gpm.  This far exceeds the needs of the
system, and is rejected

Pump D will provide 35 feet at 95 gpm. This far exceeds the needs of the
system, and is rejected.

Pump B should be selected for the job.



Figure E-13



Every project or system has its own needs and must be designed individually.
Do not assume that this project is similar to the last one therefore the same pump
will work.  Identify all of the variables and design a system and pump to fit the
project.  Ask the dealer or the manufacture for assistance in designing the
system they are more than glad to help.

Look for booklets on sizing and trouble shooting pump systems they are very
helpful.

A good example is the 

THE PROBLEM SOLVER,   By STA-RITE  call 800-525-6090



PART II: PRESSURE DISTRIBUTION
SYSTEMS
This section examines the dosing chamber and distribution system that conveys
the septic tank effluent to the secondary treatment system for treatment and
disposal. The discussions on design and construction are intended to enable
health officials and contractors to design, construct, and inspect pressure
distribution systems. 

Use pressure distribution for all mounds, at-grade systems, recommended for
sand filters.

Uniform Distribution
Septic tank effluent is distributed through a series of perforated pipes. Uniform
distribution of the septic tank effluent in the above-mentioned situations is very
important. Uneven distribution of effluent can result in localized overloading and
the system may fail. 

Uniform distribution is achieved using a pressure distribution system. Pressure
distribution systems are carefully designed so that the volume of septic tank
effluent flowing out of each hole of the distribution pipe is nearly identical. The
pipe diameters and hole diameters must be carefully sized to achieve uniform
distribution. 

Pressure distribution systems consist of five components:
 lateral pipes with holes drilled into the pipe,
 manifold and main connected to the laterals,
 dosing tank to collect septic tank effluent to be pumped to the

treatment system,
 pump or dosing siphon to pressurize the system, and
 controls and power supply to operate the pump.

Steps to design and construct these components will be presented in this
section. The following is a paper by Jim Converse on how to design a pressure
distribution system.



















































PART III: DOSING SIPHONS
Another method of pressurizing the distribution system is by using a dosing
siphon.  The following paper by Eric S. Ball, P.E., discusses the design, use, and
installation of dosing siphons.

















































































FLOUT
Flout stands for "Floating Outlet". 

It's a new way to flood septic system effluent into the leach field. It floods the
distribution box with water well above the invert of the leach pipes, and insures
an equal, fast flow of water down all legs of the leach field.

 What does it do? 

It holds back the water coming from the septic tank until enough is collected to
flood the leach field. When the discharge cycle starts, all the stored water is fed
to the D-box and flows out every leg of the leach field. After discharging is
completed, the septic tank water is held back until another full charge of water is
collected. This gives the leach field time to rest and absorb the water that has
flooded it. The flooding action insures the entire leach field sees water every time
the tank discharges utilizing more surface area of the soil to treat the septic
effluent than that of a standard trickling leaching system. If you have a 300-gal
charge, 200' of 24" wide leach field, each square foot of trench bottom will
average only .66 gallons of water per discharge.

 How does it work? 

Gravity powers the system so no pumps are required. The Flout body acts like a
boat hull and floats up on the surface of the water as the dousing tank fills. It is
attached to the tank discharge pipes by a flexible coupling, allowing the Flout to
lift off the tank floor in an arc as the water level rises in the dousing tank. The
rising of the Flout prevents any water from flowing out to the leach field. When
the water level is high enough, it over flows into the Flout body, causing the Flout
to loose buoyancy and sink to the bottom of the tank. This action opens a direct
path for the water to flow out of the tank and into the leach field. The flow of
water fills the leach field pipes at a rate of 65 gallons per minute (per 3" outlet).
When the water level falls below the edge of the Flout body, the water remaining
inside empties (selfbails) by draining into the leach field, allowing the Flout to
regain buoyancy and float up off the floor of the tank, once again blocking water
from flowing out. The cycle now restarts as water trickles in from the septic tank
and is held back from the leach field as the Flout floats up.

HOW IT WORKS
As effluent from the septic tank fills the chamber, the Float is empty and buoyant
and floats on the surface. Flexible connectors allow the Float to rise. When the
effluent reaches the maximum level in the chamber, ii spills into a hole in the top
of the float. This causes the float to sink. The effluent in the chamber discharges
through the pipe(s) which exit the Float, dosing the septic field while providing
equal distribution through each outlet, the chamber continues to empty down to
the top of the Float. Then the Float empties and resumes floating to repeat
another cycle. 



What makes the flout different than a Bell Siphon? 

It's easier and faster to install than a bell siphon and requires no special forms to
build. Handling and onsite installation is accomplished using the same equipment
required to set a septic tank and all work done at the same time the septic tank is
delivered. The Flout tank can be leveled quickly and accurately. Any precast
septic tank supplier can easily modify tank forms they already own, build a few
and then return to building the regular products, on short notice. A contractor can
install the flout tank in about an hour and wastes no time leveling the outlets of a
d-box. The flout is glued in place inside of the dousing tank (at the precast plant)
and delivered on site, ready to install in the ground. The excavated hole for the
tank requires a simple flat bottom. 3" or 4" adapter connection pipes can be cast
into the tank wall, as per your customer requirements and connection to the D-
box is by the installation contractor. No more "grouting in" bell siphons on the job
site. No priming water ever needs to be added to the flout for correct operation.
Connection to the D-box is just as easy as gluing PVC pipes together. For those
big jobs, any number of outlets may be installed in the tank, even or odd number
as required. For large dousing applications, additional holding tanks can be
paralleled to the dousing tank increasing water, volume per discharge.

For more information call 1-800-479-6335

Web site    www.sunnycrest.com/flout









Orenco Systems, Inc.

Web site www.orenco.com

3 in. and 4 in. Dosing Siphons

Orenco's Dosing Siphons can be used as an alternative to pumps when dosing
downhill. Flow rates can range from just a few gallons per minute to several
hundred gallons per minute, depending on siphon size. Dosing siphons use no
moving parts. Counters are used to monitor siphon operation.
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